We generate equilibrium configurations of a ring polymer in an infinite space, or confmed to the interior of a sphere.
One of the outstanding unsolved problems of the lattice. Another approach was followed by des Cloizeaux theory of macromolecular systems consists of classifyand Mehta [5] who represented the chain by a gaussian ing the topologically different classes of configurations random walk in continuous space. Strictly speaking, of a single closed macromolecule. This problem was both approaches [3, 5] show a flaw in the way in which first recognized by DelbrUck [1] and has subsequently the end points of the chain are joined. This is accombeen studied by several authors [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .It is also replished by making the one.step distribution function lated to the problem of the mutual entanglements bedepend on the position along the backbone of the tween two macromolecules (links, cf. refs. [15-23]) , macromolecule in such a way that the end points are as well as to certain topological problems which play forced to coincide. This violates the independence of a role in the Aharonov-Bohm effect [24-271. In the different steps in the random walk. This flaw was view of the almost unsurmountable difficulties in derecognized and obviated by Chen [12] who made veloping an analytical theory, there is a need for relirings by dimerization of two free random walks. One able numerical studies.
of the aims of our work is to use an a priori closed Numerical enumerations should have the following ring model with repeating units of equal lengths. desirable properties: (a) Random walks have to be Apart from the early work of Crippen [2] all augenerated with the correct a priori probabilities, and thors use the Alexander polynomial~(t) to characterin such a way that the ends are joined properly. (b) ize the topological properties of a knot. We follow Given a macromolecular configuration, its topological this by now established tradition. Yet it should be properties should be determined in a mathematically stressed that the fact that two knots have the same unique way. (c) All numerical algorithms should be Alexander polynomial does not necessarily imply that efficient enough to achieve adequate statistical accuthey are topologically equivalent. racy. This numerical approach can properly be called All previous authors note that few knots form in numerical hammagraphy (from the Greek rd 'dpp~, the short chains that they were able to study numerimeaning the knot).
cally. We have, therefore, made an effort to improve In their pioneering study (cf. appendix of ref. [3] ) the efficiency of the algorithm in such a way that the Russian group generated random walks on a cubic long chains with a high probability of knot formation can still be studied in large numbers. 
probabilities.
The question we wish to answer now is which fracsalts are presented in table 1. Here, R is measured in tion of the stored configurations are knots and which units 1. Of the total number of configurations (t) the fraction are topologically equivalent to a circle. In number of unknotted configurations equals b; obvianswering this question, one assumes that the random walk is self-avoiding; hence, when its shape is deformed, self-intersections are prohibited. The criterion for the 0 existence of a knot is~(-1)~± 1. The numerical algorithm consists of several stages. First, the configu- has been calculated for two geometries. In the first where the uncertainty indicated is given by f twice the standard deviation. Assuming & = 0, we find Before we turn to a discussion of these results, the following remark is appropriate. Due to the finite strength of the harmonic force between two neighbouring mass points, their distance ri i+l is not exactly constant but fluctuates between narrow limits. For example, the probability that Iri i+l /Z -i ) > 0.02 was smaller than 2%.
WI
When the results in fig. 1 and table 1 with R/Z = 00 are represented by a power law of the form IA, = CpNNa , (2) the best fit is found to be /_I = 0.99646 f 0.00005 , Ial < 0.01 , W Thanks to the large number of configurations analyzed (44220 at N = 320 to be compared with 173 at N = 270 in the work of des Cloizeaux and Mehta [5] ), we were able to determine the value of the "topological exponent" 01 with fair numerical accuracy.
It is remarkable that (Y turns out to be so close to zero. The smallness of LY suggests that this topological exponent has no relation to critical exponents. This is in contrast with the exponents which characterize self-avoiding random walks, which are indeed known to be related to critical exponents [31-331. Hence, it may be conjectured that the topology of closed macromolecules is unrelated to the problem of counting self-avoiding random walks in a three-dimensional space. In this respect the two-dimensional case is different, cf. ref. [34] . The best fit is found to be 
The scaling formula (4) is reminiscent of similar formulae in polymer physics [35] . At the time of writing, we can offer no explanation for the occurrence of scaling laws in these topological problems.
